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238238Uranium Decay SeriesUranium Decay Series
Uranium 238U 4.51 E9 Years Alpha

Thorium 234Th 24.1 Days Beta & Gamma

Protactinium 234Pam 1.17 Minutes Beta & Gamma

Uranium 234U 2.47 E5 Years Alpha & Gamma

Thorium 230Th 7.7 E4 Years Alpha & Gamma

Radium 226Ra 1602 Years Alpha & Gamma

Radon 222Rn 3.823 Days Alpha & Gamma

Polonium 218Po 3.05 Minutes Alpha & Beta

Lead 214Pb 26.8 Minutes Beta & Gamma

Bismuth 214Bi 19.7 Minutes Beta & Gamma

Polonium 214Po 164 μSeconds Alpha & Gamma

Lead 210Pb 21 Years Beta & Gamma

Bismuth 210Bi 5.01 Days Beta

Polonium 210Po 138.4 Days Alpha & Gamma

Lead 206Pb Stable None



Why should we care?Why should we care?



Annual Effective Dose Equivalent Annual Effective Dose Equivalent 
to Member of the U.S. Population to Member of the U.S. Population 

Other
< 1%

Radon
55%

Consumer 
Products

3%Nuclear 
Medic ine

4%

Cosmic
(Outer Space)

8%

Terrrestrial
(Rocks & Soil)

8%

Internal
(Inside Human 

Body)
11%

Medical X-rays
11%

Other Includes:
  Occupational    0.3%
  Fallout            < 0.3%
  Nuclear Pow er  0.1%
  Miscellaneous   0.1%

Natural 82%

Artificial 18%



Alpha DecayAlpha Decay
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Alpha Particle ImpactAlpha Particle Impact



Alpha Impacts in CRAlpha Impacts in CR--39 plastic39 plastic



What Happens When Radon What Happens When Radon 
Decay Products Are Inhaled?Decay Products Are Inhaled?

Highly radioactive Highly radioactive 
particles adhere to lung particles adhere to lung 
tissue, where they can tissue, where they can 
irradiate sensitive cells.irradiate sensitive cells.

Radiation can alter the Radiation can alter the 
cells, increasing the cells, increasing the 
potential for cancer.potential for cancer.

Double Strand Double Strand BreaksBreaks



Comparing RadonComparing Radon--Related Cancer  Related Cancer  
to Other Types of Cancerto Other Types of Cancer
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Not just in the USNot just in the US



Radon Around the WorldRadon Around the World
Average Indoor Residential Radon Concentrations
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World Health OrganizationWorld Health Organization

International Radon ProjectInternational Radon Project
Working GroupsWorking Groups

OccurrenceOccurrence
MeasurementMeasurement

MitigationMitigation
Exposure GuidelinesExposure Guidelines

Global Disease BurdenGlobal Disease Burden



Canadian and European Canadian and European 
GuidanceGuidance

Range is 150 – 600 Bq m-3

– ~ 4 – 16 pCi/L
– Generally, 200 Bq m-3

– 5.4 pCi/L



In the USIn the US

4 pCi/L USEPA Action Guideline4 pCi/L USEPA Action Guideline
–– TechnologicalTechnological
National averageNational average
–– 1.25 pCi/L1.25 pCi/L
Annual RiskAnnual Risk
–– >21,000 cancer deaths per year>21,000 cancer deaths per year



Radon in New HampshireRadon in New Hampshire



RnRn Risk in NHRisk in NH

Nationally:Nationally:
–– 13 13 --14% of all lung cancer deaths14% of all lung cancer deaths

In New Hampshire:In New Hampshire:
–– Approximately 100 deaths per year Approximately 100 deaths per year 









EPA Map for NHEPA Map for NH
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Our Radon 
Map for NH



New HampshireNew Hampshire

The Granite StateThe Granite State







TestingTesting



Test DevicesTest Devices



ContinuousContinuous Radon MonitorRadon Monitor



Measurement SensitivityMeasurement Sensitivity

Pylon AB5 and Sun Nuclear 1027;  91 Hour Test
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Weather EffectWeather Effect
Charcoal Blind testing

Finished Bsmt, April 2005
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Testing Protocols (USEPA)Testing Protocols (USEPA)
Duplicate tests

Minimum 48 hours

Closed house conditions

Radon Test Device Placement
– lowest level of the home that could be used regularly, 

whether it is finished or unfinished. Conduct the test 
in any space that could be used by the buyer as a 
bedroom, play area, family room, den, exercise room, 
or workshop.

Avoid particularly severe weather



Low Traffic Room, away from drafts, away from Low Traffic Room, away from drafts, away from 
extreme heat & high humidity, avoid from direct extreme heat & high humidity, avoid from direct 
sunlightsunlight
Not in kitchens, small closets, crawl spaces, or Not in kitchens, small closets, crawl spaces, or 
bathroomsbathrooms
At least 20” from floorAt least 20” from floor
If hung 6 to 8 feet from the floorIf hung 6 to 8 feet from the floor
More than 3 feet from exterior doors, windows, or More than 3 feet from exterior doors, windows, or 
other openings to the outsideother openings to the outside
12” or more from exterior walls12” or more from exterior walls
At least 4” from other objects (such as another At least 4” from other objects (such as another 
testing device)testing device)

Testing Protocols (USEPA)Testing Protocols (USEPA)



Avoid Granite Counter TopsAvoid Granite Counter Tops
Can Interfere with Test DevicesCan Interfere with Test Devices



Radon Emanation from Natural Radon Emanation from Natural 
Stone ProductsStone Products

Low risk potential compared to radon gas coming in under Low risk potential compared to radon gas coming in under 
home or via waterhome or via water
Other sources background radiation most often much Other sources background radiation most often much 
higherhigher
Not just alpha radiation but beta and gamma as wellNot just alpha radiation but beta and gamma as well
Need specialized equipment to test  Need specialized equipment to test  
Only certain granites are an issueOnly certain granites are an issue
Check these web sites for more informationCheck these web sites for more information
www.radongas.org/www.radongas.org/
wwwww.nrsb.orgw.nrsb.org//
www.epa.gov/iaq/index.htmlwww.epa.gov/iaq/index.html
www.marblewww.marble--institute.com/institute.com/

http://www.radongas.org/
http://ww.nrsb.org/
http://www.epa.gov/iaq/index.html
http://www.marble-institute.com/


DatabaseDatabase
shortshort--term teststerm tests

23,717 results
7,359 results ≥     4 pCi/L   (31.0%)
– 8% between    3.5 – 4.5 pCi/L
– 16% between    3.0 – 5.0 pCi/L
2,480 results ≥   10 pCi/L   (10.5%)

940 results ≥   20 pCi/L   (  4.0%)
45 results ≥ 100 pCi/L    (  0.2%)



Radon EntryRadon Entry
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Residential Radon MitigationResidential Radon Mitigation

American Society for Testing and MaterialsAmerican Society for Testing and Materials
–– ASTM E 2121 ASTM E 2121 –– 0303

Standard Practice for Standard Practice for 
–– Installing Radon Mitigation Systems in Installing Radon Mitigation Systems in 

Existing LowExisting Low--Rise Residential BuildingsRise Residential Buildings



ASD MitigationASD Mitigation



Mitigation FanMitigation Fan



UU--tube Manometertube Manometer



Effective MitigationEffective Mitigation

 Radon Levels Before and After Active Soil Depressurization 
Mitigation System Installation
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Heat Recovery VentilatorHeat Recovery Ventilator



HRV 6” outside ventsHRV 6” outside vents



Large BuildingsLarge Buildings
Radon Concentrations
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Radon in water



Radon in Water

History:History:
–– 1991  EPA publishes in Federal Register their 1991  EPA publishes in Federal Register their 

view that radon must get down to 300 pCi/L to view that radon must get down to 300 pCi/L to 
meet SDWA mandatemeet SDWA mandate

–– 1991  NH DES & DHHS comment; 2000 pCi/L 1991  NH DES & DHHS comment; 2000 pCi/L 
works works better for NH than 300 pCi/Lbetter for NH than 300 pCi/L

–– 1994  EPA proposes 300 pCi/L to Congress1994  EPA proposes 300 pCi/L to Congress
–– 1996  Congress establishes 4000 pCi/L 1996  Congress establishes 4000 pCi/L 

alternative MCLalternative MCL
–– 1998  National Academy of Science supports 1998  National Academy of Science supports 

EPA risk estimates EPA risk estimates 



Current risk estimateCurrent risk estimate
–– Generally regulated as an ingestion riskGenerally regulated as an ingestion risk
–– 1 additional cancer / 10,000 people to 1 additional cancer / 10,000 people to 

1 additional cancer / million people.1 additional cancer / million people.
–– Radon in water has both ingestion risk (11%) Radon in water has both ingestion risk (11%) 

and inhalation risk (89%). and inhalation risk (89%). 
–– At 2000 pCi/L the combined risk isAt 2000 pCi/L the combined risk is

1 additional cancer / 1000 people.1 additional cancer / 1000 people.
–– At 4000 pCi/L the ingestion risk alone isAt 4000 pCi/L the ingestion risk alone is

2 to 3 additional cancers / 10,000 people.2 to 3 additional cancers / 10,000 people.



State RecommendationsState Recommendations

NH:  2,000 pCi/LNH:  2,000 pCi/L
ME: 4,000 pCi/LME: 4,000 pCi/L
VT:  4,000 pCi/LVT:  4,000 pCi/L
RI:   4,000 pCi/LRI:   4,000 pCi/L
CT:  5,000 pCi/LCT:  5,000 pCi/L
MA: 10,000 pCi/LMA: 10,000 pCi/L



Stripping Radon from WaterStripping Radon from Water



Radon Radon 
StrippersStrippers



Why not carbon filtration?Why not carbon filtration?



Why not carbon filtersWhy not carbon filters

UraniumUranium--238 Decay Series238 Decay Series

NUCLIDE SYMBOL HALF-LIFE (T1/2) RADIATION 
RELEASED

Radon 222Rn 3.823 Days Alpha & Gamma

Polonium 218Po 3.05 Minutes Alpha & Beta

Lead 214Pb 26.8 Minutes Beta & Gamma

Bismuth 214Bi 19.7 Minutes Beta & Gamma

Polonium 214Po 164 μSeconds Alpha & Gamma

Lead 210Pb 21 Years Beta & Gamma



NH DHHSNH DHHS
Bureau of Radiological HealthBureau of Radiological Health

RSA 125RSA 125--F:19 and HeF:19 and He--P 4030.01P 4030.01
–– Essentially, it is illegal to possess, acquire, Essentially, it is illegal to possess, acquire, 

use, transport, dispose of, etc., sources of use, transport, dispose of, etc., sources of 
radiation without a license or as specifically radiation without a license or as specifically 
exempted. exempted. 



Best Decision Going ForwardBest Decision Going Forward

Radon Resistant New ConstructionRadon Resistant New Construction
Permeable aggregate under the slabPermeable aggregate under the slab
Sealed gas impermeable vapor barrier / gas Sealed gas impermeable vapor barrier / gas 
mat / perforated pipemat / perforated pipe
3” or 4” PVC vent pipe3” or 4” PVC vent pipe
Straight vent pipe (few bends as possible)Straight vent pipe (few bends as possible)
Fan placement with wiringFan placement with wiring



Radon Resistant New ConstructionRadon Resistant New Construction

American Society for Testing and MaterialsAmerican Society for Testing and Materials
–– ASTM  E 1465 ASTM  E 1465 –– 07a07a

Standard Practice forStandard Practice for
––Radon Control Options for the Design Radon Control Options for the Design 

and Construction of New Lowand Construction of New Low--Rise Rise 
Residential BuildingsResidential Buildings



Resources for Information on RadonResources for Information on Radon
NH Radon Program Web Site NH Radon Program Web Site 

www.www.des.nh.gov/organization/divisions/air/pehb/ehs/radon/index.htmdes.nh.gov/organization/divisions/air/pehb/ehs/radon/index.htm

USEPA Region 1 Radon Website USEPA Region 1 Radon Website 

www.epa.gov/region1/topics/pollutants/radon.htmlwww.epa.gov/region1/topics/pollutants/radon.html

American Association of Radon Scientists and Technologists American Association of Radon Scientists and Technologists 

www.aarst.orgwww.aarst.org//

“Health Effects of Exposure to Radon BEIR VI” Board on Radiation“Health Effects of Exposure to Radon BEIR VI” Board on Radiation Effects Effects 

Research, Commission on Life Sciences. National Research CouncilResearch, Commission on Life Sciences. National Research Council. . 

National Academy Press, Washington, D.C. 1999 (Book)  National Academy Press, Washington, D.C. 1999 (Book)  

World Health Organization International Radon Project World Health Organization International Radon Project 

www.who.int/ionizing_radiation/env/radon/en/www.who.int/ionizing_radiation/env/radon/en/

http://des.nh.gov/organization/divisions/air/pehb/ehs/radon/index.htm
http://www.epa.gov/region1/topics/pollutants/radon.html
http://www.aarst.org/
http://www.who.int/ionizing_radiation/env/radon/en/


Who To CallWho To Call
Radon measurement and mitigation in the air:
– www.radongas.org
– www.nrsb.org

Mitigation of radon in water:
– www.des.nh.gov and search for fact sheet: dwgb-3-12

NH Radon Program:
– (603) 271-6845  Owen David

Disposal of Activated Carbon Filters:
– (603) 271-4840  Twila Kenna

EPA Radon Publications:
– www.epa.gov/iaq/radon/pubs

http://www.radongas.org/
http://www.nrsb.org/
http://www.des.state.nh.us/factsheets/ws/ws-3-12
http://www.epa.gov/iaq/radon/pubs
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